Abstract Two Bio-Argo floats measured the concentration of chlorophyll-a, the backscattering coefficient, the fluorescence of humic-like dissolved organic matter, dissolved oxygen, and temperature and salinity in the northern and central basins of the South China Sea for over 2 years. Temporal evolutions of bio-optical properties were analyzed at surface, subsurface, and in the whole water column, respectively. It was found that (1) The seasonal variability of the surface chlorophyll-a was highly controlled by photoacclimation, especially in the central basin; (2) backscattering in the upper 150 m was nearly constant, exhibiting no distinct seasonality; (3) with vertical mixing, particles from the deep chlorophyll maxima were entrained into the mixed layer resulting in enhanced surface chlorophyll during the early winter. This phenomenon may mislead a study based on satellite data which is likely to interpret it as blooming rather than a redistribution of phytoplankton within the water column; (4) analysis of a winter bloom and an anticyclonic eddy reveal that physical entrainment and biological photoacclimation modulated the vertical distributions of chlorophyll-a and particles and potentially also changes of phytoplankton community composition; and (5) fluorescent dissolved organic matter was found to be highly coupled to phytoplankton dynamics in both basins, with a maximum (after removing the contribution of physical convective mixing) located at the depth of chlorophyll-a subsurface maximum.
Introduction
The South China Sea (SCS) is the largest tropical marginal sea in the northwestern Pacific Ocean (Figure 1 ), a semiclosed deep sea with two continental shelves in the northern and southwestern parts and a large deep basin in the center, connecting to the East China Sea, the Java Sea, the Pacific Ocean, and the Indian Ocean via the Taiwan Strait, the Karimata Strait, the Luzon Strait, and the Malacca Strait, respectively. The SCS is mainly forced by the alternating winter northeast and summer southwest monsoon winds, periodic typhoons, seasonal Kuroshio intrusions, and fresh water inflow . The circulation of the SCS is mostly driven by the monsoon winds such that the upper layer mean circulation is cyclonic in winter but anticyclonic in summer, while in the northern SCS, the circulation is also influenced by the inflows and outflows through the Taiwan and Luzon straits (Hu et al., 2000) . Previous observations have shown the seasonal variation of mixed layer depth (MLD) is predominantly annual in the northern SCS, exceeding 70 m in winter and decreasing to~20 m in summer (Qu et al., 2007) . Wind stirring and net surface heat flux are the dominant cause of seasonal variations in MLD, with additional contributions from vertical convection and Ekman pumping (Qu et al., 2007) . In winter, the enhancements of wind mixing and Kuroshio intrusion results in the deepening of MLD (Qu, 2001) . In summer, the net surface heat flux is strongest due to the high solar radiation, with both wind stirring and heat-flux driven convection weakening or ceasing altogether, resulting in a very stable and shallow MLD with weakly mixing water columns (Duan et al., 2012) . From the viewpoint of marine ecosystem and bio-optics, the open SCS is quite similar to deep and oligotrophic regions (Wong et al., 2007) . Many studies have shown that vertical chlorophyll-a concentration is characterized by a pronounced deep chlorophyll-a maximum (DCM, also called subsurface chlorophyll maximum) at 60-100 m (Gong et al., 2014; Lu et al., 2010; Ning et al., 2004) , and its seasonal cycle is associated with higher surface chlorophyll concentrations in winter and lower in summer (Gao et al., 2013; Shen et al., 2008) .
Previous studies of the SCS based their analysis of upper ocean phytoplankton biomass on chlorophyll-a concentration ([Chla] ) obtained from satellite observations and/or ship-based measurements and were limited in vertical and temporal scales of measurements and sensor suite used. These limitations constrain our ©2019. The Authors. This is an open access article under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs License, which permits use and distribution in any medium, provided the original work is properly cited, the use is non-commercial and no modifications or adaptations are made.
understanding of phytoplankton dynamics in SCS, considering that community composition and physiological response to light modulate [Chla] to biomass relationship and hence the interpretation of [Chla] as a biomass indicator. Particularly, photoacclimation of phytoplankton is the process whereby chlorophyll-a concentration per cell is adjusted by phytoplankton in response to the environment and their growth rate (temperature, nutrient availability, and light intensity; Geider et al., 1997) , and this physiological process has been known to affect the ratio of chlorophyll-a to biomass in oligotrophic waters (Barbieux et al., 2018; Behrenfeld et al., 2005; Cullen, 1982; Siegel et al., 2005) . In addition, satellite-based analysis of [Chla] in the SCS (e.g., Peñaflor et al., 2007; Shang et al., 2012; Shen et al., 2008; Tang et al., 1999; Wang et al., 2010) was limited to the near-surface layer; on the other hand, studies using in situ measured [Chla] profiles conducted during a single cruise (e.g., Chen et al., 2006; Lu et al., 2015) were not able to resolve the annual dynamics of phytoplankton nor could they account for physiological modulation of [Chla] to biomass ratio.
In the past decade, the technology and application of the autonomous profiling floats equipped with biooptical and biogeochemical sensors has developed rapidly (Claustre et al., 2010 and ref. therein) . Such floats (often called Bio-or BGC-Argo) provide novel insights into the interplay between physical processes and biological responses in the upper ocean, with particular attention given to phytoplankton blooms Lacour et al., 2017; Mignot et al., 2018; Xing, Claustre, Uitz, et al., 2014) .
The correlation between chlorophyll-a and particulate optical properties (e.g., the backscattering coefficient [b bp ], scattering coefficient [b p ], and beam attenuation coefficient [c p ]) have been investigated for more than 40 years, at both regional (Antoine et al., 2011; Huot et al., 2008; Kitchen & Zaneveld, 1990; Xing, Claustre, Uitz, et al., 2014) and global (Barbieux et al., 2018; Behrenfeld et al., 2005; Morel, 1988; Siegel et al., 2005 Siegel et al., , 2013 scales. Recently, b bp has become the most commonly used property to study particles distribution as it can be measured in situ from a variety of platforms, for example, profiling packages (Dall'Olmo et al., 2009; Huot et al., 2008; Twardowski et al., 2001) , buoy (Antoine et al., 2011) , gliders (Niewiadomska et al., 2008; Thomalla et al., 2017) , Bio-Argo floats (Whitmire et al., 2009; Xing, Claustre, Uitz, et al., 2014) , and also retrieved from ocean color satellites (Siegel et al., 2013) . While often covarying, the departures from perfect covariation between b bp and [Chla] in the upper ocean provides information on regional bio-optical Figure 1 . Trajectory map of two Bio-Argo floats (0347 and 0348) deployed in the South China Sea. The yellow stars indicate their first profiles, and green circles indicate the last ones. The black circle marks a fast shift of float position, due to a failed attempt to descend which led to an~10-day drift at surface. characteristics (Antoine et al., 2011; Westberry et al., 2010) and/or photoacclimation processes and/or the phytoplankton community composition (Cetinić et al., 2015) .
In this study, we analyze data from two Bio-Argo floats which were deployed in the SCS for two years from June 2014 to August 2016, one in the northern SCS and the other in the central basin (Figure 1) . A previous study (Zhang et al., 2016) analyzed the physical drivers of chlorophyll-a variability during the first year of deployment of these floats. This analysis, however, provided an incomplete view of the phytoplankton dynamics as it focused only on the surface and relied solely on the chlorophyll as a measure of phytoplankton biomass. The present study focuses on the full 2-year time series of the bio-optical fields of chlorophyll, backscattering, and fluorescent dissolved organic matter (FDOM); analyzes the likely contribution of photoacclimation to the dynamics of chlorophyll; considers the phytoplankton biomass distribution in conjunction with light and nutrient; and studies the biological responses to an anticyclonic eddy (ACE) encountered in the central basin. While our detailed results are specific to the SCS, similarities to observations in other low-latitude locations, where annual cycles in bio-optical variables have been observed, suggest our result could be generalized to other oligotrophic or subtropical locations.
Materials and Methods

Float-Observed Data
Two Sea-Bird Navis-BGCi floats were deployed in the northern SCS on 27 June 2014 (denoted "0347") and in the central basin (denoted "0348") on 11 July, respectively, profiling every 1 to 5 days with a vertical resolution of~2 m above 1,000 m and of 50 m from 2,000 to 1,000 m depth, surfacing near local midnight to avoid the in vivo fluorescence nonphotochemical quenching (Boss et al., 2008; Cullen, 1982) . The last profiles of each float were recorded on 17 August and 8 July 2016, respectively. Float 0348 kept its position within the central basin, within a radius of~120 km, and has conducted 241 profiles; 0347 moved first toward the north during the first 6 months of its mission, observing a strong winter bloom close to the Luzon Strait, and then drifted westward along with the Kuroshio intrusion current during the subsequent 6 months. Subsequently it drifted to the south, with a trajectory spanning 5°of longitude and 2.5°of latitude (Figure 1 ), performing 245 profiles during its 2-year lifetime.
Both floats were equipped with a SBE 41CP CTD, a SBE 63 dissolved oxygen probe (DO; μmol/kg), and a WETLabs MCOMS 3-in-1 optical sensor which included sensors for chlorophyll-a fluorescence ([Chla]; mg/m 3 ), FDOM (ppb), and particulate backscattering coefficient at 700 nm (b bp [700] ; m −1 ; see Table 1 ).
Near the float deployment times and locations, water was collected for in situ calibration of the float's chlorophyll-a fluorometer (analyzed using high-performance liquid chromatography; Ras et al., 2008) and as a check for the DO data using the Winkler wet-chemical method (Winkler, 1888 Table 1 for acronym definitions and notation).
Derived Data
In our analysis, [Chla] and DO profiles are smoothed using a five-point median filter, while FDOM and b bp are smoothed with a seven-point median filter, due to the higher variability observed in these signals.
Potential density is derived from pressure, temperature, and salinity based on the "Sub" means the subsurface layer, spanning from MLD to 150 m (below which no chlorophyll is observed within our data set); and "150" spanning from surface to 150 m, representing the whole layer where phytoplankton are significant. (1) and (2). Then, the daily PAR profile is estimated based on PAR0 and K d (PAR;1 equation (3). Further, the PAR vertical distribution is used for the estimation of (i) the median light intensity within mixed layer PAR ML (i.e., PAR at MLD/2, following Behrenfeld et al., 2005) , (ii) the light intensity at the DCM (PAR DCM ), and (iii) the depth of the 0.415-mol quanta·m
isolume, which was found by Letelier et al. (2004) in oligotrophic northeastern Pacific to be the depth of the base of the DCM and was utilized by Boss and Behrenfeld (2010) as an index for the euphotic layer.
(1)
As there were no nitrate sensors on the floats, two depth values are derived as the proxy for the nitracline: (i) the 22°C isotherm (z T22 ) which was used by Zhang et al. (2016) as the proxy for nutricline and could be expected to covary with the depth where [NO] 3 reaches 0-5 μmol/kg in SCS based on a regional empirical Sauzède et al., 2017) . CANYON estimates [NO 3 ] based on the date, location, temperature, salinity, and dissolved oxygen. Note that CANYON was trained without any data from the SCS, thus, the estimated z NO3 used here is only for reference.
dFDOM was calculated as the difference between FDOM and a FDOM model based on a multiple linear relationship (MLR) with both temperature and salinity (Carlson et al., 2010) , formulated as
For each float data, first we solve a multiple linear regression of FDOM versus T and S (equation (4)) without considering dFDOM and then apply the regressed coefficients (i.e., α 1 , α 2 , and α 3 ) to equation (4) to calculate the residual between FDOM and (α 1 + α 2 × T + α 3 × S) to obtain dFDOM. Since (α 1 + α 2 × T + α 3 × S) represents the part explained by physical processes (when computed in the layer below the MLD), dFDOM can be regarded as production/loss part by biogeichemical processes, including photo-oxidation at surface and production from phytoplankton, zooplankton, and/or bacterial activities. The maximum dFDOM is identified as the yellow substance subsurface maximum (YSM); the depth of YSM is denoted as z YSM .
Results and Discussion
The Figure 2 . In this study, the evolution of the physical fields are analyzed first (section 3.1 followed by the seasonal evolution of [Chla] and b bp in the upper ocean (sections 3.2 to 3.5). In addition, the biological responses to two events are discussed, the winter bloom in the northern basin and an ACE encountered in the central basin (Figure 2 and section 3.6). Finally, coupling between FDOM and phytoplankton is expounded upon (section 3.7).
Physical Setting
The surface light intensity (PAR0) was higher in summer and lower in winter, modulated by clouds in addition to the solar cycle (Figures 3a and 4a ). The MLD (Figures 3b and 4b ) deepened in winter and shoaled in the summer, with the deepest MLD reaching 100 m in the northern SCS, consistent with previous studies (Duan et al., 2012; Qu et al., 2007) . The averaged MLD was 27-28 m for both floats, with the northern float (0347) observing deeper ML in winter and shallower ML in summer, compared to the central basin one (0348). Isotherm z T22 generally followed the dynamics of MLD for both floats, except for an obvious uplift in the first winter (December 2014 to March 2015) which suggested the presence of upwelling near the Luzon Strait as reported previously (Chen et al., 2006; Lu et al., 2015) . Sea surface winds (SSW) displayed the monsoon's features, with stronger winds in winter and summer (Figures 3a and  4a ). MLD was correlated to SSW (r = 0.66 and 0.61 in the northern and central SCS, respectively).
PAR ML correlates similarly to PAR0 and MLD, suggesting that the light intensity in ML is similarly affected by the surface light and mixing, which is expected based on its definition. Besides, we found that z 0.415 was driven by PAR0, as the former is proportional to the logarithm of the latter and the integrated distribution of [Chla] , with little response to changes in MLD; nitracline z NO3 and isotherm z T22 were correlated to SLA, with r = 0.33 and 0.53 in the northern basin, and r = 0.53 and 0.77 in the central basin, respectively. This indicates that mesoscale processes (e.g., eddies) likely affect the thermocline as well as nutricline, which in turn had a biological response (see section 3.6.2).
Chlorophyll-a and Particles at DCM
Generally, in the northern SCS, the DCM appeared in spring after the MLD shoaling, deepened in summer with increasing solar illumination (PAR0), shoaled in the autumn, and disappeared in winter due to strong mixing (Zhang et al., 2016) . This evolution is typical of oligotrophic regions such as the North Pacific subtropical gyre and Mediterranean Sea (Letelier et al., 2004; Mignot et al., 2014) , with, however, shallower MLD in the SCS. In the central basin, the DCM was present throughout the year at~70 m with very limited seasonal variation, exhibiting similar characteristics as those of ultra-oligotrophic waters such as in the South Pacific subtropical gyre. Although the DCM in South Pacific subtropical gyre could reach more than 150 m , the reasons for the permanent DCM are the same: (i) high sunlight supporting a DCM at depth,
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(ii) low nutrient maintaining a low surface chlorophyll concentration (and hence a relatively low attenuation of light in the water), and (iii) relatively weak mixing which deepens the ML in the winter but not sufficiently to erode the DCM layer. (Tables 2 and 3 ). The light-driven patterns of chlorophyll and nitrate are similar to those in oligotrophic waters (Letelier et al., 2004) and are consistent with 1-D steady state modeling (Fennel & Boss, 2003; Gong et al., 2017) .
[Chla] DCM had a relatively high correlation with PAR ML in both basins (r = 0.54 and 0.49 for the northern and central one, respectively), and with z NO3 in the central basin (r = −0.52), but b bpDCM has no significant correlation with any physical properties. This means that the chlorophyll-a concentration and phytoplankton biomass (as inferred from backscattering; e.g., Graff et al., 2015) were not simply coupled.
Chlorophyll-a and Particles at Surface
At the surface of northern SCS, both biological properties ([Chla] ML and b bpML ) displayed similar seasonality, higher in winter and lower in summer (Figure 3c ). Especially in the winter of 2014-2015, Float 0347 observed a strong winter bloom close to Luzon Strait (see section 3.6.1). 
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In the northern SCS, both [Chla] ML and b bpML , as well as their ratio, had a higher correlation with z 0.415 than any other physical variable (Table 2) , implying the light-driven pattern was also related to the surface [Chla] . In fact, the variability of [Chla] and b bp at the surface in the northern SCS were more related to the light intensity than to SSW or mixing (MLD).
In the central basin, both biological properties had a very weak seasonal cycle at the surface (Figure 4c ).
[Chla] ML was highly correlated with PAR ML (r = 0.80), but b bpML had no correlation with any physical property, similar to other ultra-oligotrophic waters where photoacclimation dominates the seasonal cycles of [Chla] , and the phytoplankton biomass (b bp as its proxy) displays weak seasonality (Barbieux et al., 2018; Behrenfeld et al., 2005; Mignot et al., 2014) . Consistent with photoacclimation, a high correlation was found between ([Chla]/b bp ) ML and PAR ML (r = −0.87; see section 3.5).
Depth-Integrated Chlorophyll-a and Particles
In the northern SCS, integrated values at surface and subsurface were highly coupled with the variability of MLD and PAR ML , while the total inventories (∑[Chla] 150 and ∑b bp150 ) were more correlated to z 0.415 (Tables 2 and 3 ). In the central basin, MLD played an important role in distribution phytoplankton 
10.1029/2018JC014880
Journal of Geophysical Research: Oceans biomass (using b bp as the proxy) between surface and subsurface, while PAR ML were more correlated to [Chla] distribution. ∑[Chla] 150 and ∑b bp150 had very limited variability, especially ∑b bp150 . This implies that the variability of MLD had no effect on the total biomass change within the whole water column, consistent with the central SCS being a very stable system with strong coupling between phytoplankton growth and loss terms. Most of the variability in [Chla] in this region is driven as a physiological response to changing light levels during the seasonal cycle.
Correlation Between Chlorophyll-a and Particulate Backscattering
Our data regarding the relationship of [Chla] and b bp is consistent with the global relationship derived by Barbieux et al. (2018) , at both ML and DCM (Figure 5a ). The difference of scatter points between ML and DCM as well as the discrepancy of two regressed relationships suggest that there was less [Chla] per unit of b bp at the surface compared to the subsurface, owing to either photoacclimation process or/and the phytoplankton community composition (Cetinić et al., 2015) .
Phytoplankton cells lower their intracellular Chla in response to the high-light conditions, which is most obvious in surface waters of oligotrophic subtropical gyres (Kitchen & Zaneveld, 1990) . If this process is important in the nutrient-depleted and high-light environment of the central SCS, we would expect the [Chla]/b bp ratio, a proxy of the ratio of chlorophyll to phytoplankton biomass to be inversely correlated to Bold value represents the highest r for each biological property and r ≥ 0.5; the asterisks (*) represent statistically significant values (p < 0.001). MLD = mixed layer depth; PAR0 = photosynthetically available radiation at the surface; SSW = sea surface winds. On the other hand, although b bp is often used as a proxy for particulate organic carbon or even phytoplankton carbon (C phy ; Behrenfeld et al., 2005; Graff et al., 2015; Mignot et al., 2018; Thomalla et al., 2017) , its variability also depends on other aspects (e.g., particle size distribution, shape, structure, and refractive index; e.g., Stramski et al., 2004) , thus sensitive to picophytoplankton (Cetinić et al., 2015) or highly refractive algae (e.g., cocolithophore, Balch et al., 1996) , as well as to nonalgal particles (e.g., detritus, bacteria, and viruses, Ahn et al., 1992 , Loisel et al., 2001 . Cetinić et al. (2015) proposed using the ratio of [Chla] and b bp as a particle size index. In situ measurements in SCS discovered that picophytoplankton (Prochlorococcus) dominated at surface in summer, but nanophytoplankton (mainly haptophytes) and microphytoplankton (mainly diatoms) dominated in winter (Xiao et al., 2018) . Thus, we may expect, for a given light level, to see relatively larger b bp for a given [Chla] Lacour et al., 2015) .
Event Analysis
In this section, two specific events in the SCS, a winter bloom and an ACE, observed by 0347 and 0348, respectively, are discussed in detail. Figure 3c ), consistent with studies based on remotely sensed satellite data (also see Zhang et al., 2016) . This "surface bloom" attained its peak (maximal [Chla] ML reached 1.75 mg/m 3 , a 15-fold increase in magnitude) in December, was sustained for about 2.5 months and was followed by a fast decay in February, with [Chla] ML attaining low values (< 0.1 mg/m 3 ) at the end of May.
b bpML exhibited an analogous evolution as that of [Chla] , except that in mid-December it had high values below the MLD (Figure 2g ). The transient high values in the deeper layer could be associated with particulate matter deposited from the upper layer, similarly to those observed in the North Atlantic bloom by Briggs et al. (2011) , though here several events were observed. Although b bp had the similar pattern to [Chla] during the winter bloom, it was enhanced about 2.5-fold (from 0.001 to 0.0025 m −1 ). The difference between the
[Chla] and b bp in accumulation (15-fold compared to 2.5-fold) is consistent with a strong photoacclimation response to decreasing in situ PAR and suggests this bloom was about 6 times smaller in phytoplankton biomass than suggested by the change in [Chla] . FDOM increased with depth with high values in the ML (Figure 2k) , and dFDOM showed a loss of FDOM at the same time. It is consistent with FDOM being entrained from below the ML to surface and photo-oxidized within the ML.
The depth-integrated [Chla] and b bp indicated that phytoplankton accumulation (e.g., bloom) for the whole water column started from the end of November (Figures 3d and 3e ). During the first 2 months of surface bloom (October and November), both ∑[Chla] 150 and ∑b bp150 exhibited a slight decrease. This means that the surface increase was due to entrainment of particles from the stratified DCM layer into the mixed layer. During the same period, the total phytoplankton biomass decreased slightly (Figure 2a ). In fact, the "water column bloom" (defined as a sustained increase in phytoplankton biomass) lasted only 3 months, significantly shorter than the surface bloom (5 months in total). Although the entrainment process was sometimes considered in previous studies on SCS winter bloom (e.g., Wang et al., 2010) , it was difficult to identify it accurately due to lack of vertical observation. The same process also appeared in November and December 2015, when a smaller winter bloom was recorded by Float 0347 during its second year.
Both ∑[Chla] 150 and ∑b bp150 indicated that phytoplankton biomass changed by about 1.75-fold during the bloom period (Figures 3d and 3e ), implying that using surface variability significantly overestimates the phytoplankton bloom magnitude ([Chla] ML varied by 15-fold). It also suggests that satellite-based studies on the bloom in tropical and subtropical areas, where a DCM exists, likely suffer from this issue.
ACE
It has been demonstrated that Bio-Argo float is helpful in documenting eddy-induced biological responses (e.g., Alkire et al., 2012; Boss et al., 2008; Dufois et al., 2017; Llort et al., 2018) , especially with their added vertical scale.
A strong ACE with >20-cm difference of SLA (Figure 6a ) was captured by Float 0348 in the central SCS, from November to December 2014 (see Figure S1 in the supporting information). During this period, MLD deepened due to the eddy pumping effect (McGillicuddy, 2016) , and the isotherm z T22 was depressed as well ( Figure 6b ). Affected by this, DCM and the nitracline z NO3 deepened. However, no collocated change of z 0.415 was observed. Both [Chla] and b bp at the DCM were reduced by~60% and~30%, respectively (Figure 6d ), while both [Chla] and b bp at surface had a slight increase (Figure 6d Figure 6 ).
In an ACE in the south Indian subtropical gyre, Dufois et al. (2017) found larger particles in mixed layer of the eddy center than outside and suggested that the entrainment process stirred the DCM layer phytoplankton into ML, and thus its mixed-layer community composition in the eddy center was similar to the DCM population depth outside of eddy. Unfortunately, we did not have an independent index of particle size, but we do observe a DCM with higher [Chla]/b bp than ML for a given PAR (Figure 5b ).
As for the DCM depth, a decreased ([Chla]/b bp ) was observed from eddy edge to center, that was correlated with PAR DCM . As discussed above, the Chla-b bp relationship at the DCM may be more related to community 10.1029/2018JC014880
Journal of Geophysical Research: Oceans composition variability. For example, it may indicate more picophytoplankton at the DCM than outside. The phytoplankton community response to eddies have been studied with in situ data (e.g., Coria-Monter et al., 2014; Huang et al., 2010; Liang et al., 2018; Vaillancourt et al., 2003) , and models (e.g., Laiolo et al., 2016; Xiu & Chai, 2011) . In particular, both Huang et al. (2010) and Liang et al. (2018) reported that ACEs in the SCS have a decreasing contribution of diatoms at the subsurface while an increasing contribution of picophytoplankton (Synechococcus and Prochlorococcus) compared to outside the eddies. A biological model simulated a similar response and concluded that ACE limited the diatom growth relative to outside due to decrease in silicate in the euphotic zone due to eddy pumping (Xiu & Chai, 2011) .
Relationship of FDOM and Chlorophyll-a Distribution
The MLR analysis on FDOM and T/S resulted in two relationships which represent the part of FDOM which may be explained by physical conservative mixing when conditions are stratified. The dFDOM calculated as the residual between FDOM and MLR, for the two floats was 
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Here it is worthy to note that α 1 (7.867 for 0347 and −2.252 for 0348) also includes the dark currents of the CDOM fluorometer (e.g., Xing et al., 2012) . Besides, the difference of α 2 and α 3 between two equations is likely due to different water masses encountered by two floats in the northern and central basins, respectively.
FDOM in the SCS increased monotonously with depth (Figures 2k and 2l) . However, dFDOM exhibited a subsurface maximum (see (Figures 2m and 2n ). The depth of this subsurface maximum z YSM is highly correlated to z DCM in the central basin (Figure 7b ), and also in the northern SCS, except for the winter-spring period (Figure 7a ). This phenomenon was observed in the Mediterranean Sea and suggests that FDOM was biologically controlled, either directly produced by phytoplankton (exudates; Fukuzaki et al., 2014; Romera-Castillo et al., 2010) or via phytoplankton-affected bacterial activity (Rochelle-Newall & Fisher, 2002; Kinsey et al., 2018) . The decoupling (winter-spring) only appeared in the northern basin where winter mixing was strong and the DCM eroded, with a weak YSM (dFDOM <0.2 ppb, Figure 7c) ; in the spring, the coupling was rebuilt after the subsurface waters restratified, and FDOM began to accumulate from March. Comparatively, z YSM and z DCM were always coupled in the central basin (Figure 7a ), where the system was stable all the year round. As for the YSM magnitude (dFDOM YSM ), it displayed a clearer seasonality in the northern basin, with an increase in magnitude from spring to summer, and a decline from autumn to winter, but there was neither apparent correlation between [Chla] DCM and dFDOM YSM (Figures 7c and 7d ), nor obvious time lag effect which could explain the temporal difference between FDOM enhancement and phytoplankton bloom (3-to 5-month time lag found in the Mediterranean Sea; . In the central basin, the seasonal variation of maximum dFDOM (i.e., YSM magnitude) was less remarkable. This is consistent with a very stable system where biogeochemical processes are near steady state. In addition, the YSM thickness (~60-100 m in Figures 2m and 2n , where black curves represent the contour of dFDOM = 0) in SCS was 2 times wider than the DCM layer (~40 m), consistent with particulate settling and degradation causing an FDOM max at and below the DCM (Figures 7a and 7b ).
Conclusions
Thanks to the high resolution (~2 m, 1 to 5 days) and long-term (~2 years) observations obtained with two bio-optical profiling floats, the dynamic of bio-optical variables in the SCS in general and phytoplankton in particular were revealed. While they are consistent with past studies regarding the surface dynamics of [Chla], they enable us to better understand both the surface dynamics as well as those within the whole euphotic layer.
Our key findings are as follows:
1. Surface variability of chlorophyll-a at seasonal scale was found to be highly modulated by the photoacclimation process, especially in the central basin, where all bio-optical properties were nearly constant and most of the observed variability could be explained based on seasonal changes in light. 2. The DCM followed the z 0.415 isolume and the nitracline well, similar to what was found in oligotrophic waters elsewhere (Letelier et al., 2004) and from the 1-D model (Gong et al., 2017) . 3. The mixing-induced entrainment played an important role in the vertical redistribution of particles, especially during the winter bloom period in the northern SCS. Analysis of whole water column properties suggest that the water column bloom started significantly later (~1.5 months) than the "surface" bloom observed by satellite. As a result of photoacclimation, [Chla] displays a much larger change (15-fold) than backscattering (~2.5-fold), implying that previous studies, based only on [Chla] , overestimated the bloom magnitude. 4. Both the physical entrainment and photoacclimation were found to modulate the vertical distributions of chlorophyll-a and particles in an ACE, in addition to indication to changes of phytoplankton community composition; 5. After removing the part of FDOM that linearly correlates to the physical fields (i.e., dFDOM), FDOM was found to have its maximum at the same depth of DCM in both basins, except the winter-spring period in the northern basin, implying a tight link between FDOM and phytoplankton in the euphotic layer, similar to observations in the Mediterranean Sea . It supports the assumption that phytoplankton and their associated ecosystem are directly related to FDOM dynamics.
